Introduction
Cardiovascular disease (CVD) is a major cause of death worldwide. It is estimated that 58.1% of all deaths in Eastern Europe and Central Asia are due to CVD; the corresponding values in South Asia and East Asia and the Pacific are 25.2% and 30.6%, respectively. In high-income countries (mainly North America and Europe), 38 .5% of all deaths are attributable to CVD. 1 These percentages are likely to increase, given that the worldwide mortality rate from CVD (including stroke) is predicted to rise to 25 million per year by 2020. 2, 3 The increase in CVD death rates will be most dramatic in low-to middle-income Asian countries, such as India and China. In China alone, the number of deaths from CVD is estimated to reach a staggering 13 million by 2020. 4, 5 It is thought that the epidemiologic transition that is taking place in these countries could account for such changes. This transition may also result in a shift toward an aging population, which could further add to the burden of CVD, particularly in developing countries.
Overall, these findings indicate that underutilization is an issue in both Asian and Western populations.
CVD risk estimation in Asian and Western countries
Two of the key issues to be addressed by physicians are the risk:benefit threshold at which prophylactic agents should be used, and which risk factors should be used to determine such thresholds. Gaziano et al 24 suggest that risk factors can be divided into those that are predictive, those that are treatment targets, and those that fall into both categories (Figure 1 ). Many of these risk factors are correlated, making it possible to determine a patient's total CVD risk based on a few key risk factors. 24 Nonlaboratory risk factors such as age, smoking status, and body mass index (BMI) have been found to be as predictive as laboratory methods such as cholesterol measures in both men and women, 25 and other blood tests, such as high-sensitivity C-reactive protein, hemoglobin A 1c , fasting glucose, insulin, fibrinogen, adiponectin, triglycerides, and plasminogen activator inhibitor-1, which may help simplify risk prediction.
A number of risk estimation scores, which are based on factors such as age, smoking, BMI, and cholesterol, are available for determining total cardiovascular risk. Many of these scores are also based on the concept that risk factors occur in clusters, and scoring these clusters represents a logical way to determine which patients are eligible for treatment and to determine the threshold for intervention. 26 There are a number of scores available; the key ones are summarized by Gaziano et al. 24 These include the National Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III) risk score, which predicts the 10-year CVD risk, the Systematic Coronary Risk Evaluation (SCORE) project, which calculates the 10-year risk of CVD death; the Prospective Cardiovascular Munster (PROCAM) study, which determines the 10-year absolute risk of fatal MI, nonfatal MI or sudden cardiac death; and those produced by the New Zealand Guidelines Group that predict five-year total cardiovascular disease risk. [27] [28] [29] [30] The Reynolds Risk score, which incorporates high sensitivity C-reactive protein, predicts 10-year CVD risk in men and women. 31, 32 There are also a number of scores such as QRISK and ASSIGN, which are validated to specific populations such as the UK and Scotland. 33 One of the most commonly used scores is the Framingham model, which can be used to predict coronary heart disease (CHD) risk (defined as MI, CHD death, angina, and coronary insufficiency) 34 and CVD risk (defined as CHD plus stroke, congestive heart failure, and peripheral vascular disease). 35 The Framingham model was originally developed in Western populations and has been validated in a Chinese population. 36 However, there is also evidence to Figure 2) . 37 This finding is based on a cohort of 9903 patients from the US-People's Republic of China (US-PRC) cohort, where the actual incidence of ischemic CVD and CHD was determined over an 11-year follow-up period. The Chinese prediction model accounts for the higher prevalence of stroke in China, 37 which could be the main reason for the different results. However, the authors do not state whether the Framingham model was recalibrated to take into account the CVD definition (including stroke) that is described above. (Table 1) . 38 These authors used dyslipidemia, hypertension, diabetes, smoking, and weight to assess risk level; however, age was not used as part of the initial assessment. Comparison of Western and Asian data also reveals that different levels of risk are found within the two regions; based on data from a Japanese survey, a 50-year-old male with no hypertension or diabetes in the US has a 3% risk of developing CVD in the subsequent five years, while a male with the same profile in Japan has a risk of only 0.8%. 39 The World Health Organization (WHO) determined the percentage of patients with a 10-year CVD risk 30%; they reported that 11.7% of the US population, 16.19% of the European population, and 11.44% of the Asia-Pacific population were in this category (data are pooled percentages), 26 which indicates that risks were comparable between the US and Asia but were much higher in Europe.
In addition to validating risk estimation scores in Asian populations, there is also evidence to suggest that developing country-specific models or recalibrating and validating existing models such as the NCEP-ATP III, SCORE, or Framingham model could result in more accurate CVD risk estimates. Using a derivation cohort of 1.28 million and a validation cohort of 0.61 million patients from practices in the UK, cardiovascular risks were calculated using QRISK and Framingham, and were compared against actual events over a 10-year period. 33 The Framingham model overpredicted cardiovascular risk at 10 years by 35% and QRISK by 0.4%, which indicates that QRISK may be better suited to the UK population. It is possible that a similar trend may be observed in different Asian countries.
Risk profiles may also differ between different Asian countries, which is another reason for country-specific rather than regional guidelines. In one case-control study involving 27,095 patients, the mean age for first MI was lower in South Asian countries compared with other countries, including other Asian countries (53 versus 58.8 years; P  0.001). 40 South Asians were found to have more risk factors, such as lipid abnormalities and diabetes at a younger age (60 years) compared with the other countries. The INTERHEART study, which enrolled 12,190 patients, also showed that South Asians had lower high-density lipoprotein (HDL) cholesterol compared with the rest of Asia. 41 South Asians have also been shown to have a higher incidence of fatal CHD at a younger age compared with Chinese or European subjects. [42] [43] [44] These findings indicate that age thresholds, HDL cholesterol and CHD risk levels may be different in South Asia compared with the rest of Asia, and these need to be incorporated into risk estimation scores. Differences in diet may also be another factor worthy of consideration. Other studies have shown that insulin resistance may be higher in American Indians and triglyceride levels may be higher in Japanese Americans compared with other American populations; 45 if such factors are not addressed in risk estimation scores then it is possible that total risk will not be properly addressed.
In order to encourage the wider use of risk estimation scores in different countries, the WHO has produced a series of pocket guidelines for Africa, the US, the Eastern Mediterranean, Europe, South-East Asia, and the Western Pacific, which take these different risk profiles into account. However, the WHO does not state which evidence or score they used to assess the different risk profiles per region nor how they validated the score in each country. The WHO also acknowledges that there are limitations with these risk scores, such as which risk factors are most predictive of events and whether new risk factors (eg, waist-hip ratio) should be included. They add that there is strong evidence that reducing the level of these risk factors has beneficial effects, which is probably the main take-home message for general practitioners from both Asian and Western countries.
Guidelines in Asian versus Western countries
Disease management guidelines recommend the use of aspirin for the prevention of first and recurrent CVD events in high-risk patients (usually defined as having a 10-year CHD Table 2 summarizes recommendations from the main European and US guidelines. [9] [10] [11] [12] [13] [14] [15] 46 In addition, the Chinese guidelines recommend prophylaxis in patients with a 10-year CHD 10% as predicted by the Framingham model. 47 The recently published US Preventive Services Task Force (USP-STF) guidelines recommend aspirin prophylaxis when the number of CVD events prevented (MI in men and stroke in women) outweighs any potential side effects such as gastrointestinal (GI) bleeds ( Figure 3) . 46 In order to determine the threshold for treatment, the guidelines recommend a CHD risk estimation tool for men and a stroke estimation tool for women; however, the guidelines do not discuss how these scores have been validated in both Western and Asian populations.
Yoon et al 48 found that application of the NCEP-ATP III guidelines, which were mainly developed from Caucasian patients, to data from the Korea Acute Myocardial Infarction Registry (KAMIR) resulted in undertreatment. Around 69% of patients with an acute MI did not qualify for drug therapy when they were stratified according to the risk factors present and the 10-year CHD risk. Again, this indicates that risk estimation scores specific to Asian populations are warranted, particularly to determine the risk:benefit threshold of aspirin use in each ethnic group. Important differences between populations should be considered when extrapolating guidelines developed in one country for use in another. 39 Underutilization of prophylactic agents is a key issue in Asian countries, which may, in part, be due to an overestimation of bleeding risks. 49 It is possible that a lack of validated risk estimation models and guidelines in these countries could be a contributing factor to poor utilization rates.
Clinical efficacy of aspirin in CVD prevention

First event reduction
Much of the evidence supporting the role of aspirin in the prevention of first CVD events comes from several largescale trials, which are summarized in Table 3 . reported a 32% reduction in the risk of a first MI and a 15% reduction in any important vascular events (combined endpoint of vascular death, nonfatal MI, or nonfatal stroke) associated with aspirin use. 57 A further meta-analysis that also incorpo- 53 showed that aspirin significantly reduces the combined risk of CHD, nonfatal MI, and cardiovascular events. 58 The most recent meta-analysis performed by the Antithrombotic Trialists' Collaboration (ATTC), which also included all six primary prevention trials (n = 95,000), showed that aspirin was associated with a 12% reduction in serious vascular events. 59 The Japanese Primary prevention of atherosclerosis with Aspirin for Diabetes (JPAD) trial, 56 which is not included in the meta-analyses to date, has provided important data on the role of low-dose aspirin (80-100 mg/day) in the prevention of first cardiovascular events in 2539 Japanese subjects with Type 2 diabetes. After a follow-up period of around four years, aspirin therapy was associated with a trend toward a 20% reduction in atherosclerotic events, including fatal or nonfatal CHD, fatal or nonfatal stroke, transient ischemic attack, and peripheral arterial disease. JPAD also showed a significant reduction in vascular death in patients with diabetes who received low-dose aspirin. In a subgroup analysis, aspirin was associated with a significant reduction in atherosclerotic events in patients aged 65 years. Since the overall event rates were lower than expected, it is possible that a greater benefit Abbreviations: CHD, coronary heart disease; CVD, cardiovascular disease; GI, gastrointestinal; MI, myocardial infarction. 
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of aspirin therapy could have been observed in a larger trial population with a longer duration of follow-up. 60 The JPAD trial also demonstrates the safety of low-dose aspirin in a Japanese population, with the risk of hemorrhagic stroke, which is the most serious potential complication of aspirin therapy, being no greater among patients receiving aspirin than in the control group (six versus seven, respectively). 56 This observation is of particular clinical importance given that hemorrhagic stroke is more common in Japanese than Western populations, and it demonstrates the tolerability of low-dose aspirin therapy in this high-risk Japanese population. 60 Overall, the JPAD study confirms the role of aspirin in the prevention of first events in an Asian population. 56 However, to date, there are no trials that have directly compared the efficacy of aspirin in the prevention of first events according to ethnicity.
Recurrent event reduction
The ATTC clearly demonstrated the benefits of low-dose aspirin (75-150 mg/day) for the prevention of recurrent events in trials involving 17,000 patients. 8 In patients with a prior history of vascular disease, antiplatelet therapy, of which aspirin was the most widely studied, was associated with notable reductions of approximately 25% in the risk of a combined outcome of any serious vascular event, 32% in the risk of nonfatal MI, 25% in the risk of nonfatal stroke, and 15% in the risk of vascular mortality. The most recent metaanalysis from the same group, 59 which analyzed data from 16 secondary prevention trials in 17,000 patients, showed that aspirin was associated with a greater reduction in serious adverse events compared with placebo (6.7% versus 8.2% per year, P  0.0001).
Data from Asia are similarly conclusive, in that use of aspirin 50 mg/day in Chinese patients (n = 216) has been associated with a reduction of 65% in the incidence of secondary reinfarction compared with patients who received no antiplatelet therapy. 61 It is interesting to note that in this study, the reduction in incidence of secondary reinfarction was observed in males, but no significant trend was observed in females. In addition, the Japanese Antiplatelets Myocardial Infarction Study (JAMIS) demonstrated that long-term low-dose aspirin (81 mg/day) prevented recurrent acute MI in postinfarction patients after thrombolysis or coronary angioplasty. 62 Finally, the Chinese Acute Stroke Trial (CAST, n = 21,106) confirmed the benefits of aspirin treatment (160 mg/day) started within 48 hours of a suspected acute ischemic stroke. 63 In patients treated with aspirin for up to four weeks, there was a significant reduction in the combined in-hospital endpoint of death or nonfatal stroke compared with untreated patients (12% proportional risk reduction, P = 0.03).
In summary, the findings from these trials indicate that aspirin is effective in the prevention of recurrent events in both European and Asian cohorts. There are no studies that have directly compared the effect of aspirin on the prevention of recurrent events according to race; however, the findings from the ATTC indicate that recurrent MI was reduced by 32% compared with 65% in the Chinese study. 8, 59 Although it is difficult to make comparisons given the huge difference in patient numbers, and differences related to other factors such as treatment duration, definition of endpoints, time since first MI, age, sex and other characteristics, it is possible that ethnicity may also be a contributory factor.
Combination therapy in high-risk patients
Multidrug regimens including aspirin are often recommended as a comprehensive CVD preventive strategy.
14 Furthermore, combined therapy with more than one antiplatelet agent may offer improved cardiovascular protection owing to the additive effects of activating complementary antiplatelet pathways. However, combining aspirin with another antiplatelet agent should take into account benefits gained over safety issues. For example, the Clopidogrel for High Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance (CHARISMA) and Management of Atherothrombosis with Clopidogrel in High-risk Patients (MATCH) trials showed that the combination of clopidogrel plus aspirin was comparable with aspirin alone in high-risk populations, but the risk of bleeding was higher with combination therapy (Table 4) . 64−71 A recent meta-analysis of five trials has also demonstrated that aspirin plus pravastatin was more effective than either agent alone in the prevention of recurrent events, including ischemic stroke. 72 The Aspirin and Simvastatin Combination for Cardiovascular Events Prevention Trial in Diabetes (ACCEPT-D) is currently investigating the effects of adding low-dose aspirin 100 mg/day to existing simvastatin therapy on the prevention of cardiovascular events in 5170 patients with Type 1 and Type 2 diabetes, an area in which data are surprisingly scarce. 73 This study will provide important new information on the role of aspirin in diabetes when used in addition to other CVD prevention strategies. The ongoing A Study of Cardiovascular Events iN Diabetes (ASCEND) trial, which is evaluating the effect of aspirin with or without omega-3 fatty acids on CVD events in patients with diabetes over a five-year follow-up Dovepress period, will also provide additional information on aspirin in high-risk patients (Table 5) . 74 In addition, the triple combination of aspirin, clopidogrel, and enoxaparin is associated with a reduction in mortality and reinfarctions compared with standard therapy of unfractionated heparin in patients with ACS. 75 Multiple regimens involving aspirin have been shown to be effective on a global scale. A research group recently estimated that a preventive regimen for high-risk patients based on aspirin, a statin, and two antihypertensives could help avert 17.9 million CVD deaths over 10 years (estimates based on 23 low-to middleincome countries).
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Aspirin safety
The most common side effect associated with aspirin is bleeding, which is related to its mechanism of action and the dose prescribed. 77 The risk of GI hemorrhage with long-term use of aspirin was assessed in a meta-analysis of 24 randomized controlled trials involving almost 66,000 participants taking aspirin or no aspirin over a one-year treatment period. 78 This analysis showed that GI hemorrhage was slightly higher in patients taking aspirin compared with no aspirin/placebo (2.47% versus 1.42%, respectively; OR: 1.68; 95% CI: 1.51-1.88). The risk of GI hemorrhage was reduced when lower aspirin doses (163 mg/day) were used (2.30% versus 1.45% (OR: 1.59; 95% CI: 1.40-1.81).
The impact of aspirin on hemorrhagic stroke has been addressed in another meta-analysis of 16 trials involving more than 55,000 participants. 79 The mean dose of aspirin was 273 mg/day and the mean dura tion of treatment was 37 months. There was an increased absolute risk of 12 events (95% CI: 5-20) per 10,000 persons over approximately three years, or about 0.4 excess events per 1000 users annually (P  0.001) associated with aspirin use. However, in this analysis, aspirin use was also associated with an absolute risk reduction in MI of 137 events per 10,000 persons (P  0.001) and an absolute risk reduction in ischemic stroke of 39 events per 10,000 persons (P  0.001). Overall, there was a clear benefit in the popula tion at risk. In another meta-analysis involving almost 57,000 subjects from 16 trials, there was no difference between aspirin and placebo in the risk of noncardiovascular death (RR: 0.92; 95% CI: 0.81-1.04). 80 It may be useful to re-examine the patients enrolled in these three key safety meta-analyses to determine how many were from Asian communities and to provide the risk factors for these patients alone.
In addition to the risks described above, the likelihood of adverse effects associated with aspirin also depends on the patient's inherent risk level, so risk assessments should take into account any underlying conditions that predispose the patient to bleeding, such as hemophilia, uremia, or previous peptic ulcer. 81 Again, it is important to note that different populations may have different inherent risks that will affect the patient's threshold for prophylaxis. Physician concerns about safety issues could also have an impact on utilization of prophylactic agents. A recent Taiwanese study in patients with atrial fibrillation (n = 39,541) showed Dovepress that only 24.7% of the population received antithrombotic therapy. The main reason for low prescription rates was concern over bleeding risks. 49 Overestimation of bleeding risk in Asian countries is an issue that needs to be addressed in guidelines with risk:benefit ratios that are tailored to these countries.
However, to date, there are no direct safety comparisons of aspirin in European versus Asian cohorts. This is a key area where further research is warranted because risk factors for GI ulceration may vary between the two regions; for example, Helicobacter pylori may be higher in Asian than European populations. 82 Although the industrialization of Asian countries could erode this difference, it is possible that some Asian patients may be more susceptible to GI ulceration and may need lower doses of aspirin or concomitant use of gastroprotective agents. There is also evidence to suggest that the pattern of H. pylori infection may differ between Korean and Japanese patients compared with Americans. 83 The incidence of GI bleeding may also be affected by genetic differences related to cytochrome polymorphisms, which is another reason why comparative studies are needed. These factors may be a reason why aspirin is underutilised in Asian countries. 49, 21 Minimizing adverse events by low-dose aspirin
The risk of GI bleeding appears to be linked to aspirin dose and can be minimized by using a low-dose strategy; for example, use of aspirin 75 mg/day is estimated to reduce the risk of GI bleeding by 40% compared with 300 mg/day, and by 30% compared with 150 mg/day. 78 Improved formulations, such as enteric-coated aspirin, can also reduce the risk of GI bleeding. 84 The antithrombotic efficacy of aspirin does not appear to be dose-dependent. Therefore, physicians should be encouraged to prescribe the lowest dose possible to ensure protection from cardiovascular events. Many guidelines support the use of low doses for primary prevention (as summarized in Table 2 ); however, in practice, prescription of higher doses is common. In a systematic review of published clinical trials, aspirin at doses as high as 1300 mg/day are approved for use; however, much lower doses (75-81 mg/day) have been shown to be as effective as higher doses with a lower risk of dose-related side effects such as GI bleeding. 85 Another survey of 7363 physicians showed that there were significant differences in the prescribing patterns between European and Asian countries. 20, 21 In Europe, 82% of physicians prescribed aspirin 100 mg/day for post-MI patients compared with 63% in Asia (P  0.00001). There was a tendency for Asian countries to prescribe a wider range of aspirin doses.
Variable response to aspirin
Variations in individual responses to aspirin have been observed in clinical practice, which has led to the concept that certain individuals are resistant to some of its effects. 86 There is currently no universally accepted definition of "variable response", although it has been described as the failure of aspirin therapy to produce expected biologic effects, such as the inhibition of platelet aggregation, inhibition of thromboxane biosynthesis, or the failure to prevent atherosclerotic thrombosis in some patients. No diagnostic test of platelet function is currently recommended to assess the effects of aspirin in individual patients. Furthermore, incidence rates vary widely among studies, from 0.4% to 83%, 87−90 which may reflect methodological differences in quantifying resistance rather than true resistance. Thus current opinion suggests that rather than being a medical phenomenon, variable response is actually the combined result of patient noncompliance when taking low-dose aspirin, possible drug-drug interactions, and lack of appropriate methods of cyclooxygenase-1 measurement.
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The future for aspirin in Asia
The large and growing number of deaths attributable to CVD clearly suggests a need for prevention, and more studies are warranted in Asian communities together with greater exploration of risk estimation scores and tailored guidelines. A number of studies are currently ongoing that should hopefully address some of the data needs ( Table 5 ). The Japanese Primary Prevention Project (JPPP) is currently underway to evaluate the balance of risks and benefits of low-dose, enteric-coated aspirin in elderly Japanese patients (60-85 years) with one or more cardiovascular risk factors (hypertension, hyperlipidemia, and/or diabetes). The study is designed to recruit 10,000 subjects who will be randomized to receive either aspirin 100 mg/day or placebo. A composite of nonfatal MI and/or stroke and cardiovascular death will be evaluated in the trial, and results are expected in 2010. 92 In addition, the Diabetic Atherosclerosis Prevention by Cilostazol (DAPC) study, a collaboration between researchers from Japan, China, Philippines, and Korea, is investigating the efficacy of aspirin and cilostazol in the prevention and treatment of diabetic atherosclerosis in Asian patients (n = 408). The intima media thickness of the carotid artery will be assessed as the primary endpoint, with secondary endpoints Aspirin in Asian and Western populations Dovepress submit your manuscript | www.dovepress.com Dovepress including incidence of cardiovascular events and all-cause mortality. 93 Further studies are also needed to identify the true prevalence of aspirin-associated adverse events in Asian populations, and to determine the risk:benefit ratio according to underlying CVD risk levels. In CAST, despite a trend toward more hemorrhagic strokes in patients treated with aspirin compared with placebo (P  0.1), the increased risk of adverse events did not influence the conclusion that the benefits of aspirin treatment for hospitalized stroke patients far outweighed the risks. 63 Therefore, additional evidence is needed from specific populations at defined risks that can form the basis for relevant local guidelines. There is also a growing trend toward using aspirin in combination with other agents, including herbs such as ginkgo biloba, in Asian countries. 94 Studies are needed to assess the possible benefits of such an approach.
Summary
Based on the current evidence and the recommendations from US and European guidelines, aspirin should be used for CVD prevention for all clinical conditions in which its risk: benefit ratio is favorable. Long-term, low-dose aspirin therapy is currently recommended for the prevention of severe vascular events in moderate-and high-risk patients (including diabetics) and those with a history of vascular events. These guidelines should be followed to ensure optimal prevention of cardiovascular events, with the knowledge that risk estimation scores may need to be validated in a wider range of Asian countries in order to identify more accurate risk: benefit thresholds. A number of trials are already underway, including the DAPC and JPPP in Asia, which will provide key data on the benefits of aspirin in Asian patients at risk of CVD. The recommendations and concerns regarding aspirin use are summarized in Table 6 . Table 6 Recommendations and concerns regarding aspirin use in Asian and Western populations
• Aspirin is underutilized in high-risk patients in both Asian and Western countries, which indicates a need for educational initiatives and improved physician-patient communication across all countries
• Risk estimation scores are useful guides for determining the threshold at which aspirin should be used; however, greater validation is needed in countries such as Japan, India and in South Asia. Until validated scores are available, physicians should be aware of the limitations and should monitor risk factors that are relevant to their patient but are not covered in all scores (eg, triglyceride levels in Japanese patients or high density lipoprotein cholesterol in South Asians)
• Large-scale trials addressing the benefits of aspirin in preventing recurrent events in Asian populations are needed; the prevention of recurrent myocardial infarction may be higher in Chinese patients
• Underutilization of aspirin in Asian countries may be linked to an overestimation of bleeding risks. It is possible that a higher prevalence of Helicobacter pylori infection and genetic differences may make Asian populations more susceptible to gastrointestinal bleeding. Until further trials are available, very low aspirin doses and even the wide use of gastroprotective agents may be the optimal approach to high-risk patients in Asian countries
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